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Md reportcve" the deveopment of a device wbich a.zloits the
correagtion bet"e" 4Mpper shift aMc target range rate as a mans of la-.

-povIM the detection, probability of existing echo-rarnging sonar sysntes.
A practical model of %bis device has been constructed# for evaluation par-

posess which is suitoble for lastaflation aboard combat surface vessel

i~~. doppler and range rato. Mei Is accosplished by pz'oceesing the returning

into chann~els according to the dopplr shift# end by utIii~ng mapnetia
techoiqnu. to contizuaousdy store up to four previous ping returns.

Tedisplayed output I1 the restlt of wvelope-intograting over five con-
I secastly pings (the immediate return plus the four stored returns). The In-

-' tepastion process exslts ret==n from targets whose range rate exactly
corresponds to the dappler shift for five successive ping@ and suppresses re-
twum which do not ejd±bit this correlation.
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PURPO.

2e. Guerai.- The ultimate goal of the wort covered by this wer'rt was; tb,
dMVOPmertof4 a device which would utillso the orelation betaem dopplat

shift and rang rate to improve the detectin probability o• atirq echo-
recong sonar systemss. In accomplishiing this purpoe, the waft f&ell ogically
into three phasess

a. A preliminary investigation to determine the possibility of exploit-
Ing the correlation between doppler-shift and ango rate to imj-ove recognition

• differential.

b. A design study to determine the methos and to devalop the techniques
necessary to accomplish the desired pwpOao.

c. The design and canstruction of an exemplary equipmsent, utIlising
Sthe techniques developed, whica would be suitable for 40tafla as an

* adjunct to ecbo-ranging equipment in combat sbips.

OEMI~AL FACTUAL DLTL
2. Identification of Technicians.- The work on this project ua accomplish-

ed by the folloving persons,

a. WANE, Dr. Glen D. CAIM?, Special. Staff Assistant

"IDcATIONh University of California -
a D. S. (Chemistry) - 1927

M. A. (P~ysica) - 1934.
* Ph. 0. (Physics) - 1935 (Thesis. '1o0-Conservative
b Tbearits of Oravitation8)

• IELPMR'•;s 19h2-1946
UUa l9vor2 i of California - Division of War esear• h
Phsicixt. Undmewater Acoustics, er7ual tr-an1ducerso

p

Staff Member of the Mivision of Industrial Cooprs-
""4 n of Massic•cusetts Institute of Technoloy;

L Assigned to the perations Evaluation Group In the
* Office of the Ckiof of Maval Operatons, av D*-

Partadat. Theoretical and experimental tudies of
naval operations to determine ovtimal tactics and
str"ateglop prmsrl 4In Us nJds, at P" and

etranti-sib m-rin alr f

.SECUR..Y INF.MAi..
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C U"DP!2IU - continued.

elelar, Inc. - Consultant to the technical staff on a
vide variety of problems including comunication# de-

tection, identification, lire control, etc.

PUbw-:.- ATICISs Heavy Particle Interactions from Beta-Decay Th.oz7
Pkzs. Rev. ,-101s6 (June 1937)

Impedance Representation of Tangential Boundary Conditions

Py.Rev. §2 501 (May 19146).
A Variational Method for Linear Dissi tive Anisotropia

Systems Phys. Rev. 69, 502 (May

S0CIETXs: American fPhsical Society (Fellov)
* *Washington Philosphical -ociety
r Phi Beta Kappa
* Tau Beta PL

8 Sig~ma 11i, aet.

Total number of hours charged to project - 131.1

C b. T. F. BURKE, Section Head

EDUiGLTION: B.S. in Physics - New York University - 1939
Indiana University - 1939-1942
Massachusetts Institute of Technology - 1946-1949

. • •Majors flysics Minors: Math., Chen., Geology

EKPE!ENCEi 1936-1939 - New York University - Cockcroft-Walton
linear accelerator. Taught machine shop practice.

*,- 1939-1942 - Indiana University - Taught undergraduate
general Physics. Design, cnnstruction, and operation

Io of 5"" cyclotron. High vacuum diffusion pumps.

19I42-l9I;6 - University of California, Division of War
Research. Design of piezoelectric transducers, sonar,
cavitation, ultrasonics.

j • 1946-1949 - Massachusetts Institute of Technolog
(Acoustics Lab.). Taught Acoustics. Research in
acoustics, elastic properties of rubber at high fro-
quencies, cavitation. Planning# instrumentationp and
execution of tests at sea for Navy project.
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Melpar, Inc. - Research work on filters, recorders•
sonar, transducers.

Section Head in charge of sonar transducer projects
bean forming devices, sonar trainers, voice channel
compression equipment, and radar anti-clutter eqVipment.

SOCIETIES: American Physical Society

Total number of hours charged to project - 683.8

: c . Hugh M. WILLIAMS, Project Engineer

EDUCATIONs University of South Carolina - B.S. in E.f. 194!

SEXPERIECE. 1945-1946
South Carolina Public Service Authority (bydro-eslectric
plant) - Engineer engaged in turbine efficiency studies,
water studies, and solution of general operating problems.

•.. 1946-1g99

RCA, Victor Division - Engineer. Design and development
work on special electronic equipment, component parts,
facsimile equipment, tape and wire recording equipment,
and broadcast audio equipment. Engineered construction

of the prototype modal of the Carrier Channel Terminal
, Equipment for Western Union Telegraph Co.

1949-Present
Melpar, Inc. - As Sr. Engineer, did development w on

;. jobs involving Voice Channel Compression, and tape re-
cording. As Project Engineer, has been in charge of de-
"velopment work on Voice Channel Compression Syste.
Electromagnetic Delay Mechanisms, Sonar Transducers In-
stantaneous Power Spectrva Displayer, and Multi-signal
UHF Direction Finder. Presently Projict Engineer in

. charge of development of the following projects: A Sonar
System, an Electronic Correlation Device , Magnetic
Recording Heads, A Beam Forming Commutator, and ASW Fire
Control Equipment.

"" Total number of hours charged to project - 2310.6

d, Thomas E. BAYSTON, Senior Engineer

DEWCATICNO University of Tennessee, Knoxville, Tennessee B.S*.L°.
(Coimunications) - 1944I

"c- r
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M1 CBS33 1945-U416
U. S. savy, Lt. jog. - Sonar Field Engineer with R1lectar'c
Field Service Group. Installed, tested, calibrated, and
maintained fleet sonar equiptent. Trained ships saints-
name personme3o

1946-1952
val Research Laboratory, Washington, D. C. - lectronl

Scientist. Developient of experimntal sonar systes.e

1952-Present

Kelpar, Inct - Engaged in work on doppler correlation

techniqnee.

SOCIETIESs IRE (Associate)

Total nuimber of howrs charged to project - 1508.7

e. John Gordon MyE. Senior Engineer

EX=JATIONS B.S. in N.E. - Virginia Polytechnic Institute - 192M

E[PEfIEKC~t 1927-1933
Engineer on various bridge construction projects in the
South and Northwest sections of the country. Resident
engineer on two major bridge jobs in Arkansas, aseociat-
ed with Ira 0. Hedrick, Co"sulting Engineer.

1933-194.2
National Park Service. District Ranger, Wildlife Ranger*
Natural History Photographer. Lectured and wrote on
hum=n interest angles of historical and natural history
subjects. Lectured to travel groups, clubs and schools.
Wrote for state conservation booklets and Smnday supple-
sent sections of newspapers through Associated Presso

Seabees and Civil Engineer Corps of U.S. Naval Reserve
with duty in Pacific Area and in Stateside training
areas as technical instructor supervisor.

191s6-1947
Field and Office Engineer for maritime construction
coAPny operating almost exclusively from floating equip-
sent. Design and construction of materials handling
systems on barges andof pier and dock substructueo.
Design of conveyor systen for pulp and fortiliser docks
and warehouas.s

K 420-
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Field Engineer in ahipyard constructir4 an1 welded
tLAzkersIn60f.puclsLas bewe rtt

of ways und yard. Design and construction of yard lay-IStructuaEnineer adAsitanthpe printgodet on

heavy cecanca towr.Design and ecntrucnticn oef

v. Nlpar, Inc. - M ohnialr eina lcrmgei o

Total number of hours charged to project -1137.8

f. John W. GIDVERI Jr., Senior Eaginser

EDUC&TION: -B.S. in ILI. - University of Maine - 1942Z

* . 9 RPERIENiCEs 191j2-191a3
Naval Research Laboratory - System test of TOF search
radar equipments* Development of high power Hff pulsed
oscillators. Development of RF components for UHF

Doppler Fire Control Radar System. Development ofa
method for carrier transmission of servo data for radar .

19aj~-1945

iiTechnical Assistant to head of Radar Section.

1945..19&7
Navy Department., Bureau of Ships* Project Engineer for

airborne radio control and teleastering systinss

Melpar, Inc. - Developument of 30-Channel Sutatiniature
Microwave PFK Telemeter System. Development of miniature
power transformers, a 30-phase transformer, magnetic
amplifiers, and special purpose magnetic devices. Be-
search on properties of new magnetic materials. Design
of naval advanced base coruwmicatiom facilities. Do-
ivelopeent of a low frequency aulticoupler.

~1c-Total number of bowrs charged to project - 269.2
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~~ C g, John B. SE1IMEK, Engineer

. 01 EDDCO Ns Carnegie Institute of Technolog - 1931-32 USM Oradute
' school, 1947-3948

* UPaw (as 1930-1931.
National. Tube Co. - LAst. Chemist - Routine ChomicaL.
Analysis of st..l.

Ltio-1 Tube Co. - JAsat. oCmist - Analjyis of st•eol,

Si*. •11oyss~ lubr"icantsp etc.,

1935-1936
Works Project A4'dmnistration - Project Enginee -

Preparation of work projects for local official..

1910-19U1.
* . Aniz Ordnance - Last. Inspector - Field inspoctor of

.• ordnance material.

""1B-•• Corporation - Jig and Tool Inspector - Inapection

- of aircraft jigs and fixtures.

Western Mectrio - Upediter - Field representative at
V. ' plants holding sub-contracts for tools and fabricated

producta.

'1946-2952
Naval Research Laborator7 - Lab* Mlectwrnlo echo -

Constructions design and teoting in laborator7 and
field of sona" unite and aasmblse, including propapa-

- ti, oa meunment,, instrzmentation development and test
of oc"ib filters# display units and coontator.o

1952-Pr-aent
,elpar, Ina, - Lngine• r - Design and test of electronic
aub-as•bmblies and units aseociated with magnetic storog
unit for use with a narrow-band analYer.

2': 8OCZZ1= wasington Audio •o•iety

Sigps Alpha Epslon •raterl5tit

Total nmbr of hours charged to prO3ect- 893.3
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h. John J. BIRCH, Engineer

-DATIC(SI: Course in Physics - Harvard UViversity - Suia 1949
Sc.B. in Physics - Brown Universitt - 1950
Course in Transients and Linear Systems - University
of Maryland (Bureau of Sbips) 1951. - Preseft

Has 1950-Present
Ielpar, Inc. - Junior Eng~neer,Englneer. Transducer
shall design; study of statistical problem of noise
in radar systems; development and testing of magnetic
heads and electromagnetic delay system. Presently
engaged in design and construction work on a speech
synthesizer.

SOC=ETI•s American Institute of Physics .
Philosophical Society of Washington

Total mmber of hours charged to project - 580.3

i. J. Brent FW., EnDineer

-F EDJCATIOC i Baltimore Polytechnic Institute - College Prepf-,
Johns Hopkins University, Pennsylvania State College

_(Extension)

Class A. Licensee - Amateur Radio

EXFEtIDIE 1936-1937
B. & 0. Railroad - Machinist Appr. Repair and maintenance
locomotive driving mechanisu, and layout frames.

4 Bethlehem Steel Corp. - 8 years, including apprentice-
ship as roll turner. Turned and maintained rolls for
slab, tin, pipe, wire and rod mills.

19h5-1946
Gilt Edge Photo Service. Photo Finisher

19146-1951
Self-employed - Wholesale coercia photo 11-nishing.

1950-1951
Bendix Radio, Baltimore - Test Department. Testing&
aligbaent and trouble shooting of 108 to 135.? mega-
cycle omnidirectional airbraft navigation receivers.

-13-
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1951-Prosent
"elpar, Inc. - -CU Trainer (Courmi•ations system) -
Magnetic Nino Detector, Distributed Amlilierl GC-15.

4 Total number of hours cham-Ad ta project - 253 A

j 'j j. Thomas J. AMB1t3SE, Enigineer

j 4 £C&Th s B.S. in Physics - Union College - 1950

* -Rome Air Depot - Junior Aircraft Electrician - Air-
craft radio installation and maintenance.

1943-1945* !"U. S. AM - Radio operator and mechanic

*I -• 1950-Present
I � )Melpar, Inc. - Test engineering and redesign of tele-
.:* metering subminiature equipmente. Telmeterisng Engineer

- •on Project Greenhouse.

-I Total mbor of hours charged to project -h5.

k. Sol 1. KOLICK. Enaineer

EDWATIOs (Post Graduate - 32 Credits), Polytechoie
Institute of Brooklyn - 1951

UIDE~am 1951
Polytechnic Institute - Research in X-ray Intensities

S4, (Measurement of X-ray intensities by means of a Photo-
multiplier - Tubes 3121, 1128, 1P22, and 931A).

"1951-Present
Melpars Inc.- Review of Modulation Theory am applied to
Telemetering. Investigation of theoretical and ex-
perimental aspects of Nonlinear Dielectric• .

:'+ 8 3Ss American Physical Society
I r! American Institute of Physics

j Total nmter of hours charged to project - h0.0
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3,Patents.

"a. No patents now held by this contractor or under whio• e ws licensedF; at the initiation of this contrsct are considered to be applicable to this•" problem*

r b, No patents pending and no inventions being prepared for patent
application as of the date of this contract are considered br the contractor
to be applicable to this problem.
h . References.

a. 'The Visual Presentation of Sonar Doppler Information,R by J, V.
E llison, C. L. Dieter, and W. J. Finney - Report of M Progress,. March 1951"
p.1- CCKFIWTIAL.

b, sMagnetic Recording.0 by 8, J. Beg=

Sca. OPrinciples of Underwater Soundm' - printed and distributed by the
Research Analysis Group, Committee on Undersea Warfares 5ational Research
Council.

d. OPnfsics of Sound in the Sea (Part I. II, InI and IV),* Research
Analysis Group, Coummttee on Undersea Warfare, National Research Council.

a* 'Sound Recording,,, by . 0. Trayne and H. Wolfe.
IiSECTION C

•DTAIL FACTUAL DiTA 4

5. Background.
a. Plng-to-Pinr Integration.- The range recorder conventionally used

.4 with echo-ranging equipments presents successive pings ih close proximity. ,
A hbumn observer vicwing this display can mentally integrate the returns
from the last several pings. This integration process serves to emphasize
targets V'ich show an orderly trend (such as a submarine whose range changes
relatively slowly and systematically) when compared with the erratic signals
which compose much of the competing background. The improvement in echo/'bck-

ground ratio Is evident after visual integration over only a few pings, and
this effect contributes significantly to an operator's present target-de-

• 'tcti.on ability.

b. Doppler SAift.- A sonar target need exhibit only a small radial
component of velocity with respect to the reverberation background in order
to produce a doppler shift which is audible against the reverberation. For
azadmplo. in QM the doppler shift is approximtely 18 cycles per knot.
Since it is probable that targets will be moving radially, such doppler
recognition is usually an important factor In an opwrator's present target-
detection ability.

jc COCFWSITAL
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-c. Freuency Scan.- The equivalent filter bandwidth in Weh an operator
can preferertiall) detect & ioppler-shifted echo against a reverberation back-
"ground is established by the attributes of human hearing, and is perhaps 50
cycles. The freqUwncy Scan equipment developed at NRL ia intended to Iaprove
on this performance by use of electric filters and by visual display of the
result. In this systua the filter bandwidth is made as narrow as in permitted
by the sonar pulse length, and the rectified outputs of several asch adjacent
filters are displayed on an oscilloscope. The tarLit need have only small
velocity relative to the background in order to place the echo in a channel
different from that Uota&ining most of the reverberation. Furthermore. the
use of narrow filters improves the signal/noise ratio for any random noise
which may be present. No provision is made for pulse-to-pulse integration
except for a slight amount at short ranges, resulting from persistence of the
scope phosphor.

d. Doppler Range Rate Correlator.- In present equipment, including the
developaental Frequency Scan Indicator, no use is made of the correlation
which exists betveen the range rate and the doppler shift. An operator may
observe range rate by visual integration on the range recorder, and he may
hear (or see) the doppler shift, but there is no mechanism to exploit the
fact that these are related. Hence it is the basic purpose of this develop-
ment to design an equipient in which this relationship is exploited to obtain
improved detection.

t Furthermore the developmental NRL equipment was designed for use vith
the IRS equipment whose long pulse length permits exceptionally narrow doppler
filters and whose location aboard a submarine permitted certain simplification..
I subsidiary purpose in the present development is to construct a more versa-
tile equipment suited to use aboard surface vessels with conventio.al so1aI
equipment (such as QHB).

6. Preliminary Investigation.

a. P _up .- In order to establish the basic design parameters of this
device, rt Fwas necessary to assess the value of the frequency scan technique
and ping-to-ping integration, and to determine the probable value of a dis-
play which combines these effects to exploit the doppler-range rate correlation.
Essentially, the purpose of this phase was to assimilate sufficient infor-
mation to provide a basis for determining the optimum number of filter I
sections in the comb filter and the bandwidth of each, and the optimum number
of pings to be integrated.

b. Selection of a Sonar System.- It was decided to design this equip-
Ment for use with the Qha Sonar system, because this is the mot covinon
sonar equipment in present use. In order to fully utilize a comb filter,
the frequency stability of the sonar must be quite good. Due to the uni-
control system of frequency control used in Q{B, the over-all stability can
be made quite good by stabilizing the master 3scillator. Although there is
eorrelation between total doppler shift and ranGe rates there is no correla-
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ti" between target do-'plerA and range rate. Hence, the returning signa
E-"t be obtained from the WIB at a point ahead of the Beat Frequency Oscillator
in.1ectir.n point in order to prevent the Nown doppler nullifter= circuit from
altering the doppler information. A'.so, the frequency of the signal at this
poirt is more reliable than after beirn mixed vitr, the MF0. Accordingly#
it was decided to obtain the signal freo the i-f section *f the W mdi
receiver.

e. Filter width.- W'ork done at WRL on frequercy scan displays indicates
that the mprovement in echo-tc-back c.-und ratio in a visible display is pro-
portiornal to the ratio of the over-all pass hand of the receiver to the band-
width of the individual filter which passes the echo. This is a significant
improveuent in most cases since the filter bandwidth can be made in the order
of cycles whereas the pass band of t.e receiver is usually in the order of
hundreds of cy.les. A limit to the inprovenent that can be obtained by
narrwirng the bandwidth of each filter se-.ti-,n is apFroached as the filter
bandwidth 2rrroaches the inverse of the scnar pul 3P lerieth* Since the QH.B
pulse 1-ni•th is in the order cf 33 uil.izeccnds the optitm- filter bandwidth
is saoaimately 33 cycles. harrower filter bandwidths ofWer no appreciable

gain since the echo energy begins to be distributed over more than one filter.
Hove•er, it was deemed ,d-sirable tn rke •he filter section bandvidths such
that each filter c.annel would fevresent an integral ircrement of range rate
as nea.?;red in )not z. Si,-ie the doimoer shift is slightly less than 0.7
cycles rer knot per k,:, týe do-;p.er A.ift :'r I knot rav:ge rate would be 18
cycles at the VB operatire. fren.ency of 26 kc. -4nce 18 cycles it much too
narrow for the W!B pulso lent;h, a fl.ter s3c1.or. 1andwidth of 36 cycles, re-
peentirg 2 knots range rate, was adopted. ,his bandwidth is near enough
the optimu of 33 cycles, as determirne by tte WH pulse length, to be satla-
factory in both respects, i.e., optima barnidth and integral increment of
range rate.

d, 19-mber of Channels.- In order to mirAmize the complexity of this [
eqAipment, it was desirable to keep the nurer of range rate channels to a
mini'qw,. It was felt that some' liberty c.oz.l~d tt e.zercised in this choice
simply because this was a kvelopmental equirr.ent which could be modified as
necss.ry after evaluation tests estr. .- lided the cpetit!rg parameters needed.
However, the chol-:e was not emntirely arbitrary. ;Ince this equlpment was I
to be primarily a detection devi!e it V.s ,er".-:, 6r include only 2losing

range rates, it being improbable that ar ix.i..tl detcction corntact could be
estzbJ ished on a tureet uhose ranzi, was eteally .ncr•-asing. Consequently
12 channels were selected as the nunter t: •-e "azc4 representing range rates
fro zero to 22 knots ,losing. The urpr limit aoes not necessarily repre-
sent the optimum, but should be sufAzi.te* to pe.rmlt sucnessful evaluation
tests.

s. Plr-To-Pinv -nI•eyrtti.,n.- M!c.ut,h it is dif!.cult to assess the"exact value of the plng-tu-ping '* egrat'"...., % ill ty of tho range recorder

in terms of db irpr oierrnt in c. :al.-..-tazk: u,-' ,-j•t is possible to
d ,twanine the value of its electrical S=l g. b• ces.-vsj ring retur-n8 can

2 "- frequsney difference between tIN. echo and TION reerberaticis.
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( be added together electrically (with suitable methods of delay to obtain
time coincidence) without regard to the phase relationshnx of the individual
echoes if the ping return is rebtified before adding and the voltage envelope

**used Instead of the original signal. This is YF-lid since the envelope 1
accurately represents the instantaneous WS amplitude of the return. Successive 4

echoes them constitute periodic signals which when added together produce a I
result which is the sua of the Individual echoes. Assumi n 8uccesive echooes
of equal intensity, the sma would be 20 log n db greater than azW Individual 4

echo. Since the background noise, however, is a comple tely random process#
its voltage envelope is also random in character, and successive background
envelopes will add in power instead of in voltage. Thus n successive back-
grounds of equal average intensity will produce a sun which is 10 log n
greater than amy individual background of the series. hu•, the imrvement

S..in signal-to-noise ratio resulting from adding n succeesdive ping returns
together is the signal increase minus the noise increase, 20 log n -10 log a,
or simply 10 log a. This is the improvement, in db, of the signal-to-noise
ratio after adding n ping returns. The addition of two ping returns gives
a 3-db improvement, three pings gives h.7 6 db, four ping. gives approximately
6 db, and integration over five pings gives a 7-db improvement. After five
pings, the improvement is less than 1 db per additional ping, and the number
of pings stored and integrated over must be doub-ed to obtain another 3-db
improvement. Although this is by no means an exact method of deterining
the improvement gained by the ping-to-ping integration ability of thr range
recorder, it is a useful estimate of that ability. Based on this eitimatep
five pings were selected as being the best number of pings to integrate over
to obtain the maximum improvement without seriously violating the la, of

diminishing returnx.

Since the nmaber of pigs stored and integrated affects the search rate
i of the sonar system, it was decided to include a switch to select a 3as•.:

"number of pings to be stored and integrated in order to provide increased
search rates when necessary. This actually is a variable that could best
be resolved after evaluation tests at sea.

S-1 7e Net= gStmV.

a. Approa;,6- The immediate objective of the design stud phase of
this project was to determine the best method of reducing the theomy to

j! practice. During this phase several methods of achieving the basic purpose
in a practical equipment were given consideration before the approach
"actually used was adopted. Although the other approaches to the p:oblm•

. oj that were considered might possibly have resulted in a practical equipment,
fit is felt that the method finally chosen represents the best all-round

approach in terms of available or standard techniques and technical 'know
how*. In all of the methods considered the returning signal was to be process-
ed by a group of filters to obtain the doppler ahift information, and then
processed or displayed in a manner to achieve the ping-to-ping integration
that was desired. Since the filter operation was fairly straightforward,
the major lame was the method of processing or displaying the signal to
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obtain the ping-to-ping integration for exploitation of the doppler-range
rate ýtorrela+.Ion*

b. Paper.- The first method that was investigated involved the use of

a acemli-al paper recorder similar to the range recorder. The return, after
being processed by the 1±lters, wan fed to a group of styli an the recorder,
one stylus for each output of the filter, so that each stylus represented
one doppler channel* Figure 1 ahows the arrangement of this System.
Sufficient space was provided between the styli to allow five pings to be re-
corded at normal paper speed without overlap. After five ping# thb paper
was rapidly advanced by the amount of the window height to bring fresh paper
under all of the styli preparatory to another run of five pings. In order
to enable the operator to take maxiýam advantage of the ping-to-ping inte-
gration ability of the recorderj, the starting, or rero, position of each of
the styli was shifted during the five-ping rxn at a rate equal but opposite
to the range rate represented by the doppler channel which fed the stylus.
This caused all true targets, regardless of range rate, to appear as a
vertical trace in the channel which !represented their range rate. This is
shown in figure 2., This relieved the operator's burden to son* extent since 1
he only had to watch for acme semblance of a vertical trace.

Although this scheme had some minor drawbacke, such as the fairly large
area which the operator was required to scan coi:tinuously, the major objection
was the tremendous rate or paper consumption. Jn area the sioe of the
vindow was used every five pings, and since this was basically a detection
equipment, the disp3ay .•ould be used almost continuously instead of just
being used for actua,. *,racking of a known target as the range recorder Is
used. The storag. rr3ce required to provide enough paper to supply this
device for only a few weeks at sea would be prohibitive.

c. Fading Paper.- In order to reduce paper consumption, effort was
directed to fir.ding some visible method of recording which would subsequently
fade or which could be erased automatically in order to permit reuse. Stich
a recording material would permit the use of endless belts, and if the eras-
ing t.me were reasonably short the belr. lengths could easily be accommodated
in the cabinet*

Upon study this turns out to be an unusually challenging problem when
it is required th.;t the means be suitable for service use. For eamaple-
it was deemed unsatisfactory to make use of tanks of liquid which might 1
bleach the record. If gaseous erasers are to be considered, it is difficult
to find bleaching gases whos leakage would be acceptable in the confined
places aboard ship. The methods given at least cursory thought were
extreomly diverse (and perhaps amusing). For inztarce, it right be possible
to deform visibly the nap of a velvet-like fabric b7 tho notion cf a stylus
and thon to erase this by raising the nap in an electrostatic field. Or
perhaps to deform a pliable wax surface and then to restore it by remelt-
ing. Optical means were considered, in wh•"h a semi-permanent stress A

pattern in a transparent plastic might be made visile by Polaroid. All ot
tbeses ud numerous others "workc but are Impractical*.
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CONFIDENTIALj •The c6mmonplace OMagic Slate' childrens' toy was investigated at name

length. In this device a black wax-cowered board is covered vith a thin
opalescent sheet of acetate plastic. Writing on the plastic with a stylus
causes the point of contact to stick to the wax and to appear black. The
board can be er-ased by lifting the acetate momentarily. This method works
rather well and has a certain amount of dynamic range, principally by width
modulation. However# the problem requires Z modulation over an appreci ahla
dynamic range, and no materials could be found which appeared to hold much

1 promise although all sorts (including friction tape, scotch tapes pitch$
. , various waxes, etc.) were tried.

; f The method vhich looked most promising for a time involved the use of
I J mercuric iodide (although it was realized that its permissibility was

questionable). Mercuric iodide, normally a bright reddish-orange at room
temperatures, abruptly changes color to a bright yellow at 1270 C. This is

1 a reversible physical change and does not involve any chemical change. Upon
cooling the color slowly reverts to the original reddish orange. This

I. material on an endless belt could be written upon by a hot stylus and would,
during one revolution, return to its orieinal state. Since there is ro
convenient way to heat and -ool a stylus at the required 30-cycle rate,
modulation would be obtained by varying the stylus pressure. - Althcugh several
drawbacks were evident, such as limited dynamic range and some question of
chemical stability, this method was under study until the following more
practical method was evolved.

In considering gases which might be used in suitable chemical reactions
to bleach a record, at least nitrogen, oxygen, carbon dioxide, and water are
above suspicion and hence permissible. While others may exist, one involving
carbon dioxide was finally hit upon and tested fairly thoroughly. The start-
ing point is the fact that sodium carbonate and sodium bicarbonate, when
electrolyzed, form sodium hydroxide at one electrode and carbon dioxide gas
(plus water) at the other. The gas escapes but the sodium hydroxide does
not. Since the hydroxide is a much stronger base than either carbonate, a - -

suitable indicator could be used to turn color where the hydroxide wasf formed under the stylus. In the tests phenolphthalein was used as the in-
f dicator, giving a very bright reddish purple mark against a white background.

* IThe erasure is automatic because sodium hydroxide absorbs carbon dioxide
f from the atmosphere fairly rapidly to form the carbonates. The carbon

dioxide required for this is just that amount originally liberated at the
other electrode, and so the entire cycle is reversible. In a closed system

a no carbon dioxide need be added; however, it would not be difficult to Oeharge'
ft the atmosph'ere with sufficient carbon dioxide using a "Sparklets" cartridge

l or even the human breath.

S ' After the basic principles were demonstrated it became evident that a slight.
modification was required. The tests used sodium bicarbonate, but this material
converts to the full carbonate on prolonged exposure to the atmosphere, and

* the full carbonate is more basic than the bicarbonate. Whereas the PH of bi-'K carbonate will not change phenolphthalein, that of the carbonate will, and so
the paper gradually turned color on exposure to the air. There are two
simple solutions to this difficultyi use a different indicator whose pH range

SECURITY INFORMATION4
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S (- is higher (above ni), or bufter the pH down below the range of phenolphthalein.

No indicator was found in this p range which offered a color change as nse-

ful as that of phenolflithaleir, and w a buffer was added. Nearly any buffer
is adnmssible, provided its electrolysis products are acceptable. Sodium
acetate was found to be satisfactory# and was added to the formulat.on. Hence,
the paper treatment consists merely of a solution of sodium bicarbonate,
sodium acetate, and phenolpbMhalein in water - an iwrocuozs and :inexpensive
mixture, easily applied.

- Of course this paper was still a OwetO paper, requiring the presence of
a suitable amount of water to permit electrolysis. Several such papers
(permanent marking) are weon known, including that used in the presens range

- recorder, and this paper would be no more difficult than they. Howaver, the
difficulty of retaining the proper moisture content is veil known, and effort,
vere made to stabilize the water in this paper. These consisted of the addition
of glycerine and some of its couSin, such as d-sorbitol, which act to retain
water. The results were che-ically interesting but disappointing, since the

* presence of these materials inhibited fading in the presence of carbon dioxide
gas. It is supposed that the affinity of these compounds for OH ion is
sufficient to Ptie-Wp the sodium hydroxide by olation and so prevent the
reaction with carbon dioxide and yet leave the OH ion aufiiently free to
change phenolphthalein. In aw' case no method of stabilizing the water in

this paper was found.

The physical arrangement of a display using fading paper was visualuzed
• &a a number of endless belts, one belt for each doppler channel. In order

to avoid the mechanical problem of varying the starting positions of the
styli, the same effect was achieved by tilting each belt of recording paper
the proper amount with reference to the window (and direction of stylus travel).
Although somewhat simpler mechanically this display was even more objection-
able from the psytho-physical standpoint since the operator was required to
visually scan a sizable area almost continuously. In addition to this, the
display was still fundamentally a vet chemical paper recording process with
all of its well known disadvantages. It was determined that an entirely fresh
approach to the problem was necessary.

Wihile these 3tudies were in progress, attention turned to the magnetic
recording method ultimately used, and no further work in the former direction
was done. It is suggested that this fading paper may have other interesting

* applications, and that developmt should continue under separate contract.

d. Magnetic Storage.- This approach to the problem offered, by far,•the most advantages of the various methods considered. Several variations
of the basic idea were considerai befcre the method actually used was

finally adopted. In this method the sonar information Is first processed by
filters, as before, but the outpat of each filter is recorded on a rotating
magnetic drum which has a separate track for each doppler channel. The
diameter of the drum is sufficient to record four successive sonar pings.
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Along each recording track are located four reproduce heads spaced approximate-
ly one sonar ping length apart, starting one sonar ping length after the re-
cord head. The exact spacing of the reproduce heads is such that four success-
ive echoes, returning at a range rate corresponding to the doppler channel in
which they occur will be reproduced by the four reproduce heads simultaneous-
ly with the occurence of the fifth consecutive echo. The amplified and rectA-

- *i -tied outputs of the four reproduce heads are linearly added with the rectified
incoming signal to produce a signal voltage envelope which is the result of
five-ping integration. There are as many integrated outputs to be displayed
ab doppler channels. These outputs are sampled by a comutator and display-
ed as Z axis modulation on a cathode ray tube. The cathode ray tube deflections
are arranged to display range-rate (ozAunate) versus range (abcissa) with the
intensity being proportional to the echo strength and doppler-range rate
correlation.

The magnetic storage method accomplishes the basic purpose of this pro-
ject of simultaneously utilizing the two fundamental effects and exploiting
the doppler-range rate correlation; however, the burden of integration in this
scheme is shifted from the operator to the electronic circuitry. In addition,

* .the display Is compact and easy to observe, possesses good dynamic range, and
is easy to interpret.

8. Developrent.

a. Purpose.- This phase of the project was concerned Vith developing
the necessary techniques, methods, operating parameters, and component parts
to enable a practical model equipment to be constructed. The effort during
this phase & as directed mainly toward the development of i

(1) a suitable magnetic recording storage method

-• (2) a sampling cocimutator

'-. (3) filters
"•."..•"b. •Lavnetic Recording Medium.- The magnetic recording drum had to be

capable o if storing 12 individual tracks corresponding to the 12 range rate

Schannels as determined by the 12 filters. The circumference of the drum had
:" to be large enough to store at least four successive pings during one revo-

;" • lution at a high enough rotational speed to give a linear surface speed
rsufficient to record the frequencies involved. The total frequency band

r. stored on the drum is h32 cyclesq 12 bands of 36 cycles each, Kagnetic re-
. • cording has a definite upper frequency limit which is proportional to the

; .speed of the meium and inversly proportional to the magnetic gap of the
" re.roduce unit. The rotational speed of the drum is fixed by the rangein

• terral and number of pings stored, and the gap width used represents a
• practical rmAnixme Thuss the frequency range had to be kept as low as
i possible In order to keep the required surface speed of the drum, and cou-

•sequently its diameter, to a miiu. On the other hand# the frequency range
/ had to be suitable for filtering with reasonable size inductors and coacitgre
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in (hlthe filter network.

Various types of magnetlo recording medium@ won cnsidered far use
. drum surface. Go* of the first mediums considered was magnetic recording
paper or acetate base tape, sdimlIar to that used in co rcial tape record-
ere. Such tape has the beet recording characteristics of ay available
"medjim, and sheets of this material are available. Emwverp no succeem
method of attaching a sheet to the drum surface could be devised which did
not have a discontinuity meu•here along the surface. Furthermore, the dur-
ability of tape under continued wear is questionable. Another medium con-
sidered was one layer of magnetic recording plated wire tightly wound on the
drum to provide a recording surface. Experimentation with tbis technique,
however, showed that the upper frequency response was inferior to that of
tape, and the mount of flutter modulation was excessive. Both of these effects
were undoubtedly due to the small area of contact 'etween the magnetic head
and the rounded surface of the individual wires# and to the slight differences
in diameter of various individual turns wbich caused this contact area to
vary appreciably.

The medium finally used was magnetic recording rubber bands made by
Brush. Development Coo These bands are made of neoprene rubber impregnated
with red iron oxide powder to make then magnetic. The rubber in also is-

- - pregnated with a wax to continuously lubricate the surface to reduce the
friction between the rubber and magnetic heads. The recording response of
a sample band on an experimental drum is shown in figure 3 for a surface

, " speed of approximately 1.5 inches per second. The frequency response compares
favorably with acetate base tape, the output being only slightly below that
of tape. Based on this frequency response, the frequency band was sot at

- . 180 cycles, to 612 cycles. . This band was also suitable for filtering.

a* Recording Drm- In order to determine the proper rotational sp3ad
of the dru to store our pings, the spead of sound In water was assumad to
be 14920 feet per second. This was based on the following assumptionst

Average depth - 50 feet
Salinitys 34 parts per thousand

T e r t Nominal temperature s 57.20Y
The error due to temperature will be +2j% at 400 7 and -2j% at 81° T.
The time required for a ping at 3750 yard range is$• ~~~~3750 x: 2 x: 31=L5 , as

- 14.57 seconds.•. h920

Keying at an interval of 14.7 seconds allows 130 milliseconds for equipment
-• ~recovery time~u siLnest

n .7 - 6.57 - 0.13 seconds.
r P increasing the speed of the drm exactly 21 time for the 1500 ýard

range interval, the time allowed for a ping Is$

4 1.88 seconds.Jo
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•i •" The time r~eqred for one ping at the 1500 yard range Interval is,

S.,1,920 x 2 x ,3 . 1.825 seconds.

S~Thus, the time aoilsed for equipmnt recovery for the 1500 yard range i~nte--,.
va- is t 55 imlieod aincat

1.88 - 1.M - 0.055 seconds.

SThe dr.=, in divided into five equal areas# four for storage and one for
S~erase, and rotates at 2.553 rpma for the 375•0 yard range rate to give exactly
• the h.7 seconds time required to rotate 115 of a revolution.. A can geared
;" to the drum operates the keying microvaitch once each 115 of a revolution to
•" give five ping*e per drm revolution. The synchronous motor drives the drun
• : through two speed reducing gear trai~ns which incorporate electromagnetic

Sclutches, ame for 3750 yards and the other for 1500 yards. The proper gear
: train is selected by the operation of the proper electromagnetic clutch,
•* The over-all diameter of the drum with the rubber in place is 12,7 inches
<. giving a surface speed of approximately 1.7 inches per second at the 375$0
:' yard range rate.

*-d. Nagnetic Reord-Reproduce Units.- The rcord-reproduce heads used-

Sin this equipiment are a modified versWion of a design developed earlier.
•-'.A certain amount of experimentation was necessary to determine the optimum
S • gap size to use in this application, and considerable effort was devoted
r- "•toward improving the quality control in manufacture to assure a uniform pro-
[ duct. The completed head is potted in plastic in a soft iron cup which acts
,•,as a magnetic shield. Figure 4 shown the component parts of one of the heads
, ~in an exploded visew, a completed head, and a cross sectional vie• of a completed
Sh~eado The magnetic pole pieces of the heads are made of 0.0060 moly permaloy /
•" ~laminations which are hydrogen annealed after stamping. The pole piece faces
S~are first ground and then sent through several lapping operations to assure.Suniform flat srfaces. The gap is made of 0.00y 6 inch aluinma foil. The

•U. coil is wound on a nylon bobbin$ and a nylon insert is used to position the
V• head in the cup. The entire unit is encapoulated in a Bakelite potting corn-Thspoend. The characteristic q nf these heads a re as follows0

V Gap iidths 0.0006 inch
ers, n rtte Inductances 80 rhf record rntg r o e

1W0 sh, reproduce untsJt ,+t scd i Freq. responsersota for to about i.0 AO cm er

to te. Sampling Cooe utator.- The sempling commutator is required to satplo
geiequentially the outputs of the 12 channels in order to displar the infor-

mation tn a single cathode rar tubea Since the highest frequency t omponentsScontained in the rectified onvelope of the 33prM elisecond g pulse are :in

the order of 33 cycles, the s.amplin rite must be at plaet 66 1a.?le i er
second (ter ie the hio hestx frequnt y owponent c in the indormation sampled),

asamgei hed iur isostecupnn pars o on of heead
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In order to assure good sampling, a sampling rate of 100 samples per second
* weas chosen. An electronic sampling switch can achieve this ampling rate

vwiu comparative ease, but in order to keep the size, complexity, and electron-

ica at a miniamw, it was decidet. that a simphe motor-driven mechanical cmut-
ator would be the most desirable. Commercially available signal sampling
cooemutators, designed for telemetering applications, sample at rates much
slower than I00 samples per second with rather short lif, expectancies. Bow-

L ever, after considerable experimentation with various contact materials# a

successful commutator was developed which saMled at the desired rate and
.howed no measurable wear after several hundred hours of operation.

The final commutator design employs silver graphalloy brushes rwm-nng
on coin silver commutator segments. Silver graphalloy, a commercially
available compound of silver and graphite, was finally chosen as a brush
material for its self lubricating properties which reduces the brush wear to
a minimum. The coummtator segments are made of coin silver bonded to a copper
base. This material was used rather than silver plating the segments since
"the coin silver is much harder than plated silver.

During the development of this commutator it was found that a relatively
soft brush running or. relatively hard commutator material gave the best re-
sults, Brushes made of material as hard as or harde~r than the commutator
segments, such as tungsten or silver alloys, would start to gall at the
slightest imperfection in the commutator finish and would wear the commutator
enough to render it useless in a short time.

The commutator segements are held in place by potting in a thermosetting
resin compound. The commutator was made of 24 segents, opposing segments be-
ing connected in parallel, so that the information was sampled twice for each
rotation of the brush. Thus, the commutator gives a sampling rate of 100
saLmples per second when driven at 3000 rpm. An induction motor running at
this speed supplies the drive. The commutator is arranged for non-shorting
operation with each information channel contacted about 75% of the-U-tal avail-
able time, the remaining 25% dead time being used for contact transfer.

"f. Filters.- Design of the filters was relatively straightforward.
For these frequencies, conventional lumped constant, L C filter design was
adequate. The final design employs constant K type single T section filters.
Powdered iron toroidal cores were used in the inductances. The full T section,
which was required to obtain the desired steepness of the filter character-
isUtic slopes, yields an adjacent band rejection of at least 12 db. The
constant I type T section was also the most suitable design for this application
since it was most convenient to drive all filters In parallel from a common
so=ce. Since the impedance of the constant K T rises outside of the pass
band, mimatch due to the filters loading one another is minimised. Figure
shows the respons cuves of the individual filters, independently driven,
and figure 6 shows the response of the filters when driven in parallel from a
con source in a circuit identical to that used in the equipment. Figure 7Sbovs the voltage variation at the input of a typical filter unit as the
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frequency is varied through the pass band of the filter. The filter loads
the driving circuit ver7 little outside of its pass ban.

9a Zq ,ient DescriptiAo.

(1) Cabinet Sizse 19j' wide z 2218 deep x law bight vral
including desk and bulkhead shock unta and clearanee for eaetr•l knobs.
Figure 8 shove outline and mounting dimneonso

(2) Veights 320 lbs. including shock monts.

(3) in. E xterior, gray en le; interior, almdlas. is Indited
and water lacquer finished, ferrous metals cadu plated sad/or gray enamel.

;(1) Power Requirmentst 410 volt-amperes at 115 volts, 60 cycles.

(5) Interconnectiont A diagram shoving the interconnection wiring
" betweon the DM and QU is ahcwn in Figur 9.

-_ b. Cabinet.- Figures 10 and 11-are front and rear views of the cabinet
showing the location of thto various chassis and controls. The froa*e " made of
" 3/0 x 3A% x 1/80 cold rolled steel an3e and is of all welded construction.
"Frame covers of 1A6" cold rolled steel sheet arxe used to help shield the
magnetic storage unit from stray magnetic fields*

b*c Power Su Two views of th, power supply are shown in figures
* 12 and M3'-Ii power supply is construted on a 1A16 cold rolled steel

cadmium plated chassis, and the cover is of 1/32' cold rolled steel# also
cadmiu plated. Al transformers are bermetically sealed in steel cases.

d. Dis•rlM Chasasi.- Figures 1h through 18 ahoh the d-splay chassis.
. It is constyucted asaically of alu-dnxm, with the cathode ray tube shield,

cosmutator shield, and miscellaneous mal parts of steel or steel alloys.
Various views of the individual comp•nent chassis are shown in figoves 19
through 24, and figures 25 through 27 sohm the sampling commatator.

a. Fi.ter and Re•-oduce Am l!tier Cbhesis.- This chassis contains the
12 boand pass filters and the 12 plug-in anpliier units which contain the L8
reproduce amlifiers, four amplifiers per unit. Fiwees 25 through 30 ibow
the chassis, figure 31 shows the channel on which the 12 filters are mounted,
figure 32 shewa the R parallel T rejection filters, and figures 33 through
35 show various views of one of the plug-in amplifier units.

f. Magnetic Storave Chassis.- The magnetic storage chassis contains
the magnetic recording drum, asociated drive motor and gear train, the 12
magnetic record u=it,, onea per range-rate channels and the 48 magnetio re-
produce units, four peW cbannelp distributed aroud the periphery of the dru..

L-J
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•r •The range generator potenticmeter, the kzying pulse micro-switcbes, and the
reproduce unit compensation potentiometer are also in this chassis. The
gear train includes two electro-magnetic clutches which enable the speed at
the drum to be changed in accordance with the ping repetition interval used.
Figures 36 through 38 are front, top and rear views of this chassis showing
+the location of the various parts. The metal drus which supports the magnetic
recording rubber belts was cast of aluminum ard machined to size. It Is

,* supported by banl bearings at the top and bottom•, and is driven through the
- ring gear. Refer to figure h for a view of a magnetic record-reproduce unit
- .- and supporting bracket assembly.

g. Accessories.- Two plug-in units are used to replace tubes V-721 and
V-709 in the QHLB equipment wen the Doppler-Range Rate ;orrelator is used with
the QHB. The plug-in crystal oscilkL jr stabilizes the QHB i-f frequency and
"the other unit provides a cathode-follower output stage to feed the 65--ko
audio i-f signal to the Doppler-Range Rate Correlator.

10. Circuit Description.- The Doppler-Range Rate Correlator takes the
amplified ping return signal from the Wi and processes it tarough a group of

12 paralled filters to determine the doppler frequency. The outputs of the
filters are stored on a magnetic recording drum capable of storing four con-
"secutive pings. The stored pings are sim-ultaneously reprodu'.ed, amplified,
rectified and added together along with the envelope of the iimedlately return-

ing ping. The sun of these five signals is stored in a low pass filter net-

"- work. Since there is a stored sum of five consecutive ping returns for each

doppler channel, a sampling commutator is used to continuously sample all of

the low pass filter networks in order to present the information on a single
cathode ray tube display.

a. Block Diagram.- A functional block diagram of the equipment is shown

in figure-39. A plug-in crystal oscillator unit replaces the master oscillator

"tube in the QWD in order to stabilize the QM frequency. ýdth the unicontrol
frequency system used in QMD, a stable, drift-free master oscillator results

in an equally stable i-f frequency In the receiver.

"The plug-in unit replacing V-709 in the QHB audio i-f does not alter the

QHB circuit except for providing a cathode-follower cvtput stage to feed the

65-k% i-f signal through the coaxial transairsion line to the Doppler-Range

Rate Correlator input. The signal is thon heterodyned in a mixer stage with

the output of a 6A.106-kc crystal oscillator to translate it to the frequency

* band used by the filters. The output of the mixer stage is amplified and fed

to the inputs of the twelve filter units.

r •The 3-db bandwidth of each of the Milter units is 36 cycles, corresponding

to 2 knots range rate at the QHB transmitting frequency, and they are center-
ad every 36 cycles throughout the band used, thus covering from zero to 22

knots range rate closing in 2-knot steps. The output of each filter unit in
connected to a record head on the magnetic recording storage drum. The out-

put of each filter is also fed through a parallel T 10-kc null network to

* -62-
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the reproduce amplifier units. The 1O-kc nu•l network& are used to prevent
azn of the 10-kc bias signals used in the record heads from getting into the
WUK eU@amplifier cir its,.

I 7 magnetic storage drum is divided into 12 tracks, one for each of the
doppler channels associated with the 12 filter units. The 10-kc bias oscilla-

i i tor and power amplifier furnishes the proper bias current for the record beadse.
Perwment magnets are used to crase the magnetic tracks just prior to the re-
cording heads. Four reproduce heads are positioned around the perlphery of
the drm for each of the 12 tracks. These reproduce heads are positioned
exactly one ping interval apart on the zero range rate track so that four
consecutive echoes from a target of zero range rate would be reproduced
simultaneously by the four reproduce heads. The spacing of the four heads on
each of the other range rate tracks is basically the same except that each
bead in advanced toward the record head a distance sufficient to compensate
for the closing range rate represented by that track. Thus, if the range
rate corresponds to the doppler, so that the echo is recorded on the correct
track for the range rate of the target, then four consecutive echoes recorded
on any given track will nbe picked up by the four reproduce heads on that track

* isimultaneously.

The outputs of the four reproduce heads of each range rate track are
amplified, rectified, added together, and stored in a low pass filter network.
The imediately returning ping which is being recorded is divided down to the

( •, correct level, rectified, and added to the four stored pings to give a voltage
in the low pass filter which is the result of integrating over five consecutiveI.I

Each low pass filter ia connected to a segment on the scmlirg commutator.
Tbe output of the semplirJg comutator in amplified by the d-c coupled Z axis

;3lifier and used to modulate the intensity of the cathode rey tube beam.
The other section of the commutator is used to synchronize the vertical sweep
of the CRT display by discharging the sweep capacitor once each sampling cycle.
The sawtooth voltage appearing across the capacitor in the capacitor charging
netmwrk of the vertical sweep generator is converted into a sawtooth current
through the CRT vertical deflection coils by the vertical deflection amplifier.

* The synchronous motor which drives the magnetic storage drum also operates
the micro-switch used for initiating the keying pulse for the QRB. The range
generator potentiometer, V;.-h is also geared to the drum motor, produces a
linearly rising voltage wi-%h is converted into a current in the horizontal
deflection coils by the hcizontal deflection amplifier to produce a hori-
sontal displacement of the bean proportional to the range. (Actually, the
linearly rising voltage produces a linearly changing current in the deflect-
io0 coils, by means of the amplifier, whose time-rate of change is proportional
to the round-trip speed of sound in water so that a returning echo brightien
the beam at a point whose displacement from the zero, or starting point, is
proportional to the range of the target.)

-67-
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b1 Pb. eir SurpE.- A schematic diagram of the power supply is showa
in figure This unit provides all of the plate and filament voltages
used by the equipment. The CRT anode is supplied by ;- separate 5000-volt
d-c power supply located on the display chassis. Note that all of the plate
current must pas through the focus coil, or the focus rheostat ithich shuntsf
the focus coil, before being distributed to the various chassis. The filait
transformer which supplies voltage to the reproduce amplifierx has an adJust-
able center tap provided by the 500-ohm yotentiometer arn is floated a few
volts positive with respect to B-. This is dane to minimize the possibility
of hum pickup in the reproduce amplifiers due to the filament-to-cathode leak-
age. The component values, voltages, and currents are indicated on the
schematic diagra.

t. Display Chassis.- This chassis contains the cathode ray tube, Its
associated display circuits, the signal frequency translator and amplifier,
the 10-Ikc bias oscillator, the sampling commutator, and the CRT 5000-volt
anode supply. It also contains the various operating controls, such as power
switch, range interval selector switchp storage switch, etc, that are not
necessarily an integral part of these circuits but are located on this chassis
for operational convenience. Figure hl is a schematic diagram of the display

chassis. This schematic does not include the 117-volt a-c power or filaent
power wiring since this wiring is shown in figures 48.. W and 50.

S~The signal from the •-KB comes in through P-203/h. to the frequency trans-
S = C lator and amplifier unit shown in the upper 7.eft portion of the schematic. The

0 .01 pf coupling capacitor and 125-mh choke are arranged to enable the co-
* axial line to carry plate voltage to the plug-in cathode-follower output

stage in the Q- as well as signal from the cathode follower to the frequency
translator input. d 12AT7 arranged as a carrier balanced mixer is used to fon-S~vert the 65-kc incoming signal to 594 cicles. The 64.406-kc local oscillator

[ is crystal controlled to achieve maxmum frequency st~ability since a frequency
S ; change of only 0.05% in the local oscillator would Fat the signal in the wrong

doppler filter. The push-pull I•AU7 amplifier can provide up to 1 watt of out-
I• put power across the 600-ohm line.. which in more than sufficient to drive the

S! 12 record beads through the doppler filters*

The 10-kc bias oscillator unit shown at the lower left of the schematic

obtains its plate supply through a potentiometer to provide a means of ad-
justing its output 3evel. The 12AU7 push-pull output amplifier provides

£ ' sufficient 10-kc current to bias the 12 recording heads.

1" The display circuits are shown at the right hand side of the schematic
with the Z amis amplifier at the top and the sweep circuits directly below.
The horiuotal and vertical sweep circuits are a&ike except for the method

f of generating the sweep voltage. The horizontal sweep voltage is obtained
from a mechanically driven linear potentiometer lccated in the magnetic
storage rdt. This potentiometer is connected through terminals 9, 10# and
11 on P-202, with terminal nI being connected to the arm. The vertical sweep
is guierwated by a 0.1 zicrofarad capacitor whi-h char&es toward the 255-volt

"it'L
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supply line and is discharged by a section of the sampling commutator once ech
sampling cycle. The sweep circuits are basically paraphase bridge circuits
with a triode used as a variable resistance element in each of the four bridge
legs. The bridge is unbalanced by the sweep voltage generated at the inout
.grid. The input tride drives Its mate in an inverse directior, exaggeratingII �-the unbalance, through the coon cathode coupling aided by the direcL coupl-
ing provided by the 2.7-,egvhm resistor. The unbalance current flowing

through the deflection coil s creates bias voltages across the 300-ohm bias re-i sistors ir. the flatt-cathoee leads which unbalances the triodes in the upper
arms of the bridge in the direction to help increase the unbalance current

• flowing through the deflection coils. T,4s particular type of deflection
I.rruit is quite effizient since it provides an unusual amount of deflection

current for a given current drain from the plate supply.

rie- couo.ei Z axis amplifier modulates the CRT bean in accordancevil " U:t~e c-ýAtput of .he swnpling commutator. The cathode of the CRT is held

ncs~t.tivo with respect tý the grid by means of a voltage divider from the
4 *255--.1t line. The q-*escent grid voltage of the CRT is determined by the

;J setting of the intensity control, which is no~mally adjusted to keep the beam
acurrent Jiust cut off. Since the output of the commutator, if any, is always

a pvcstive voltage, the most linear region of amplification is occupied by
.oaitive input voltages when t~e intensity control is adjusted for beam current

1 cut-off. The frequ _ a the Z axis amplifier was made constnnt
up to approximately k0 kc to enable the discrete samples to be distinguished
(the 3a.ples are approximately 0.8 millisecends in duration with the spaces
between samples approximately 0.2 milliseconds). •

d. Filter and Reproduce Amplifier Chassis.- The schematic diagram cf
- this chasssis _ shown in figure 42. The__ _nal-_fro the amplifier in the

display chassis comes in through K and L of P-,13 and is fed to the inputs

vcf the filters through 600-obm isolating resistors. The 600-ohm output im-
j ,r pedance of the am plifier in series with the 600-ohm isolating resistor

matches the 1200-ohm terminating impedance of each filter throughout the pass
t .band c f that filter. The output of each filter is connected through a 1200-

'I " ~ohm termination resistor to its record head since the impedance of the record
I head is low at these frequencies. The bias current is connected to each re-

I, cord I.cad through an isolatine capacitor whose reactanze matches the re-
Iactanco cf the head at the bias frequency to provide maximum transfer of

. • ener&I at the bias frequency. Since the reactance of the capacitor is large
r at the Aignal frequency, the recording heads are effectively isolated fros

I one izr.oLher for the signal. The 10-icc parallel T null network~s# of which a
natypical configuration is shown, offers nc attenuation to the signal frequency,

.Lbut prevent3 the IO-kc bias frequency from entering the reproduce amplifier
anits.

A schematic diagrom typical of the filter urits, with filter data, is
sbo-.n in figiare 1i3; f-i;&e 4d. 13 a ischematiz tyjical of the 12 reproduce
amplifier p~ug-in uwiAs. These unit.• cornect to 'acks J-301 through J-312
shown on figure L2 . The signals from the four reproduce heads - of the range

i A -71-
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rate track associated with the particular plug-in vat under consideration
are amplified by the 121X7 triode sections, after suitable step-up through
the input transformer, rectified by the I1J5IA germanium diodes, and the rx-
tified signals are added together in the low pass filter composed of the
0.05 pf capacitor. The direct sigma from the filter associated with a
particular plug-in unit comes through the parallel T null network, shown in
figure 42, to terminals 16 and 19 on figure h *oere it Is adjusted to the
proper level by the voltage divider, rectifiedp and added with the other
four rectified signals* Ine voltage divider presents to tr.e reatifiar the

:! &ses impedance as the output ispedance of the 127X triode Naotions so that
Sall rectifier circuits opeate eacntly the aame and the adding circuit see
Sthe ease output impedance from all fire rectifters. This insures correct
[ operation of the adding circuite A separate plate supply for each of the

.X7 tubes is brought throt :t, the storage switch on the display chassis to
.• enable one or both of the 12Al tubes to be discom ted to prevent suAli-
floation, This enab)es the operator to select the number of pings to be in-
tegrated over, 1, 3, or S. L, the 1 position of the rsitch the direct signal
Is the only one used and rangt, rate correlation Is prevented, the eystea
operating as a frequemy scan receiver. In the 3 position two stored pings
are used with the direct sig>'l, In the 5 position all stored pings are
utilised. A wiring diagram of the storage witch circuit is shown in
figure lS

e. Kt'netic Storefe C isis.- Figure W6 is an electrical diagram of the
"magnetic storage -1s8. A potentioater is connected acress each of the re-
produce heads as a variable load resistance to enable the output level of all
of the heads to be equalized. (Twisted pair, shielded leads are used for theS|signal circuts throughtout the equipments The shields are. grounded to the

equipment chassis at only one place.) Details of the magnetic record-re-produce heads are given in paragraph 84, details of the storage drum in So,

and inforr.ation on the magnetic recording rubber belts used as a medium are
"given in 8b.

The magneti rec.rdlng drm is driven by a 200 rpn synchronous speed
motor throurh either of two electro-caenetie clutches and their associated speed
"reducing gear trains. Selection of which clutch is used, by means of the
ringe selector wiUh on the display ca€ssis, deteraines the speed of the
dr=. One speed is correst for the 3750-yard rare ping interval while the
"other is correct for the 1500-yard range. A bridge type selenium rectifier
and R filter is used to obtain the proper 4-c voltage for the clutch operation.

The range generator potentiometer and the c = operating the keying
switches are driven throueh the esae gear train that operates th. drum. Two

1 sicro-switches are used to initiate the keying pulses, one being used for the
3750-yard range Interval, the other for the 10-yard interval. The QU
has a fixed time delay in keying which is independent of range interval#
but in this equidpent the delay t.0 a fixed percentage of the drum circumafrence
(a constent angle) which varies in time as the drum speed vailes. Thus, two
microevitches are usedj 4vd these are posltoned slightly different in re-
lation to tU operating can so that the range weep on the cathode ray tube

-75.
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will a'lway:- start at a position which wi11 cause the oatgoin ping of the

QHB to occur at zero time on the display.

f. 'Ra-nge SWf-tch.- I uririr~g diagram of the range ewitch showirg all
of its functions is given in figure 47. One section selects the correct
clutch to drive the drum, the second section selects the proper micro-
switch to use, while the third section enexgizes the correct set of lafip to
illuminate the range scale being used.

g. Wiring and Interconnecticn Diagrams.- Figure 48 is a ladder schematic
showing the distribution of the 117 volts a-c primary power, figure 49 is a
schematic of the 6.3 volts a-c filament power distribution, and figure 50 is
a wiring diagram of the filament and power distribution shown schematicallyS~in 48 and 49.

Figure 51 is a complete interconnection wiring diagram showing the connec-
tions between the various chassis which make up the equiimnt.

h. Accessories.- Circuit schematics of the plug-in oscillator unit and
plug-in output unit are shown in figures 52 and 53. The crystal controlled
oscillator employs a circuit which is conventional for crystals in this fre-
quency range. Plate supply for the oscillator is obtained through pin 2 on
the octal socket. The 6C4 triode simp3y replaces the keyed buffer triode
section of V-721, which was not involved in the W oscillator circuit proper,
to keep the QHB circuit as nearly normal as possible. 7he plug-in oscillator
generates almost as much signal voltage as the original QJW oscillator, and
should have no effect on the output power of the QWB transmitter. The fre-
quency stability of this oscillator, determined by the crystal characteristics,
is such that over the temperature range 00 C to 560 C the frequency should
remain within t 0.005% of its nominal frequency (which is 65.000kc t I cycle
at 250 C).

The plug-in output unit, figure 53, does not alter the QWB receiver cir-
cult since the 6SG7 circuit is not changed, but provides a cathode follower
output stage to feed the 65-kc i-f signal into the transmission line. The
cathode follower is necessary to prevent the transmission line from loading
or altering the characteristics of the QHB i-f circuit. The transaission
line serves the dual purpose of supplying the 6C4 cathode follower with plate
voltage as well as carrying signal to the Doppler-Range Rate Correlator,
giving rise to the circuit arrangement shown in figure 53.

SECTIM D
CONCLUSIONS

11. The Doppler-Range Rate Correlator (MRC) has been bench tested and de-monstrated with simulated QHB targets in a background of white noise. Al-

though thesr tests are by no means conclusive, simulated echos were de-
tected on the DRRC display, after a five-ping integration 2eriod, which
"were very difficult to recognize by ear alone at the QMB audio output.
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The tests conalusively demonstrated a marked improvement In echo to bicgrowd
-- ratio du to th* integration over a five-ping interval. Altkough tho lack

of reverberations ana substitution of white noise for water noeis olid mko
it difficult to extrapolate the results of the simulated tests to fboecast
performance under actual operating conditions, the restits of the sixul&ted
test are promising enough to warrant sea trials of this equi•d nl te atrse
Its perfomance.

PART In
- �RECOMsNUTIWS

12. A deiCnstration model of the Doppler-Range Correlator has been leveloped
and bench tested. and simulated performance has been successfully deson3trate".
In view of the fact that actual performance can only be assessed undor
operational conditions aboard ship with real water noise, reverberatin.i, a&-
targets, it is highly desirable that an engineering test at sea be conoive4m.

(I It is recomended that this contract be amended to include su•h a a t'ut , ad; .. nibsequent reports Of the results. It in suggested that the resultsI of Uwe
I lsea trials be appended to this report "I an addendum.

i ~T. L. B~ayston ý F . &ur-ic*~
r., Engineer Section Load

H. F. killiame At

Project Ergineer QClef Er. ee-r"
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